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..and in Biomaterials
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Studied at U4IR

High T.sample: Bi,Sr,CaCu,0q

Bi_Sr CaCu O




Phase diagram

Non-Fermi liquid

Temperature

. PpJ Goal: to study the
::igl:iTil A " superconducting gap

antiferromagnetic

superconducting
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How can we study A (at NSLS)?

Electron in - electron out
- EELS : SC - vacuum keV
- Tunnelling : SC - metal meV

Photon in - electron out
- Photoemission eV

Electron in - photon out
- Inverse Photoemission

Photon in - photon out

- Optical reflectivity .

- Optical transmission <= QOur choice meV
- Raman scattering

300K = 25 meV = 200cm-1 = 6 THz
Low Tc : 3.56x3K = 100 GHz Uwave
High Tc : 3.5x100K = 230cm-1 FIR
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In transmission it is « easier » |l

. Total brightness

reflectivity -

= transmission
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PHYSICAL REVIEW VOLUME tos, NUMBER 2 ODCTOBER

Conductivity of Superconducting Films for Photon Energies
between 0.3 and 40&T.*

R. E. Groveg, 111} University of California, Berkeley, California and Universily of Narth Carolina, Chapel Hill, North Caroling
AND
M. Tizknasm, University of California, Berkelev, California
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Our method:transparent single
crystals of Bi,Sr,CaCu,0q

- : —Rv
. . :
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2212 150 nm thick single cystal, 2212 100 nm thick single
self-supported over 0.6 mm hole, crystal, self-supported over
contacted for resistivity, sapphire 0.9 mm hole, platinum
substrate substrate
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The first « good » results (from U4IR)

B1,Sr,CaCu,0y
No peak in transmission
= ratios -> gapless
s superconductivityl
£
E 200K
I I I
o5k 150K d=135C 1.5} B
T.=76
100K c
0ol 50K , , 2
0 200 400 o
Wavenumber [r.m"'] < 1.0
S 0.5F
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Forré et al., PRL, 65, 1941 (1990) S 200 200 600

Wavenumber
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Counter-argument for the absence of
the gap feature: Clean limit

o
v/

Very small oscillatory strength — Difficult to observe




Leaving the « clean limit » by introducing

defects: by electron irradiation, of f-stoichiometry, substitution

Bi Sr CaCu O
2 2 2 8+

)

e.g.: by
Oxygen
depletion
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Infrared transmission of 2212 up to
hh’rempem’rues (500 °C) (U4I_R)_




Leaving « clean limit »:e-beam induced defects, heat
treatment, substitution - still no gap feaTurel

2212 e ~Beam Irradiahon ] i
L(a) -~ Unirradiated I 1IEIIEHem’r Tr_ealed
— Irradiated. 20+ Hours i o= '

Transmission

2212 50MeV 16o6 Irradiation
_(b) - Unirradiated, T,~84K
e Irradlafed Tc~80K

— 1 B e——— T
[ 2212 650°C Heat Treated in Vacuum
(¢) o pure
—— Heat treated

Transmission
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NN Mandrus et ak, 70, 2629 (1993)
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Recent work: BaVS,
correlated d-electron
system (on U10A)



Phase diagram
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L. Forrod, R. Gaal, H. Berger, P. Fazekas, K. Penc, I. Kézsmarki and G. Mihaly
Phys. Rev. Lett. 85, 1938 (2000).




C. Homes, et al. - NSLS UI10A
eamline (2001-2002)

Optical conductivity in the infrared range

ambient pressure under pressure
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Other correlated systems studied (U4IR)

2H-NbSe,: a conventional Quasi-1D organic CDW conductors
layered superconductor
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Transparent sibgle c:}?si'ttl.l'gfﬂ‘l'{—.'l'n'. ™NQ
' on a holeof 1.2 mm" © | L2,

Blue bronze
Peierls transition at 180 K
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Nanostructures - carbon nanotubes
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LOQIC CW‘CU |T = IBM (Derycke et al, Nanoletters, New York Times (2001)

back gate
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Flat panel screen
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IR microspectroscopy of nanotubes (on U10B)

- Gives local, chemically sensitive information

Synchrotron infrared
beam pipe

Nicolet Magna 860 FTIR

Spectra Tech Continuum
IR microscope

Filter cube turret

UV (quartz) light source

Schwar zchild 32x
IR objective

Automated
mapping stage




Example: optical conductivity of aligned
nes of carbon nanotubes
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Reflectivity (%)
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300 K

Parallel olarization

e

Perpendicular ™y
polarization

2000 3000

W avenumber (cm-1)

AccV  Spot Magn Det WD Ep
15.0kv 3.0 5000x SE 130 1

-Large anisotropy |

R. Gadl et al., in preparation



Biomatter




Charge Transport in DNA

Insulates




Light polarized ||
and [] to the bundle

Self-supported
oriented DNA bundle,

~10pm width




the low energy part... (on U12IR)

No conduction in
d.c. limit

A broad,
localised
mode
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Results... (on U10B)
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Phonon structure of a protein: their variation
can be used for diagnostic purposes

N-H Cc=0
stretch in « stretch
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Alzheimer's

Neumfibri!lla-r |
fangles
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Conformation change of a protein

Humain cortex
healthy
B Alzheimer's disease
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Cortex AD plaques
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Pancreas B-sheets plaques
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Conclusion

"You can observe a lot,

just by watching...”
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